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TECHNICAL MEMORANDUM 78136 


GROUND WINDS AND WINDS ALOFT FOR 
EDWARDS AFB, CALIFORNIA 

I. INTRODUCTION 


This two-part report deals with wind conditions over Edwards AFB, 
California, including the NASA Dryden Flight Research Center. Since the first 
four orbital flight tests of the Space Shuttle mission schedule Orbit*, r landings at 
Edwards AFB, these wind statistics may prove useful in mission planning 
activities. The first part of this report presents low-level crosswind, tailwind, 
and headwind reversal statistics by hour and month for two different Edwards 
AFB runway orientations. The second part gives bivariate normal wind statistics 
for altitudes 0 through 27 km by monthly reference periods. 


II. ARRANGEMENT OF TABLES 

Tables are numbered and arranged by monthly reference period, with 
subnumbers used to identify the crosswind, tailwind, or reversal statistics 
within each month as follows: 

Section III 

Crosswind: Tables 1. 1 through 13. 1 
Tailwind: Tables 1. 2 through 13. 2 
Crosswind versus Tailwind: Tables 1.3 through 13.3 
Headwind Reversals: Tables 1.4 through 13.4 
Section IV 


Bivariate Normal Wind Statistics; Tables 1.5 through 12.5 



III. RUNWAY CROSSWINDS, TAILWINDS, AND 
HEADWIND REVERSALS 


A. Background 

A study similar to the one presented here was done for the NASA/Kennedy 
Space Center (KSC) , Florida, area in October 1972 [ 1] . The KSC study used 
hourly peak ground wind data to determine optimum runway orientation by mini- 
mizing critical high crosswind component frequencies. The proposed runway 
orientation was then used in conjunction with the hourly peak wind data to deter- 
mine frequencies of headwind-to-tailwind reversals that resulted in specified 
tailwind speeds. The present Edwards AFB wind study expands on the two types 
of information determined previously for KSC and adds a section on tailwinds 
alone. 


B. Runway Orientation 

The two main Edwards AFB runways of interest for NASA Shuttle Orbiter 
landings are runways 17-35 (170-350 degrees) and 22-4 (220-40 degrees). 
Figure 1 is an artist's conception of the Space Shuttle Orbiter making its final 
approach (toward the south) onto Edwards AFB runway 17 after completing a 
space mission. An F-104 jet aircraft is also shown escorting the Orbiter. 
Figure 2 indicates the general layout of the two main runways. The runways 
are designated 17-35 and 22-4 because of their angle of separation in degrees 
clockwise from magnetic north, and they indicate a pilot's approach toward that 
direction. That is, a pilot desiring to land toward the south on 17-35 would 
enter from the north end (17) , thereby allowing him to land toward 170 degrees. 
These two runway orientations with respect to true north are approximately 
190-10 (for 170-350 magnetic) and 239-59 (for 220-40 magnetic). All magnetic 
runway wind statistics given in this report were computed with respect to true 
north. 


The two runways are oriented so that a vehicle landing from the northeast 
toward the southwest will probably be landing into a headwind. Figure 3 [2] gives 
the prevailing surface wind direction versus hour and month. The respective 
percentages of the prevailing direction are given within each box. Southwesterly 
winds tend to prevail from late evening hours until midday and give way to west- 
southwesterly flow during the afternoon until late evening hours. Some westerly 
flow prevails, except near midday, during the winter months. Mean surface 
wind speeds (in knots) versus hour and month are given in Figure 4 [2] . It can 
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Figure 3. Edwards AFB percentage of prevailing wind direction. 


be noticed that wind magnitudes generally pick up during the afternoon hours 
[1500-1700 local standard time (LST) |, with larger magnitudes observed during 
the summer months. 


C. Data Used 

The ground wind speed and direction data used in this study were taken 
from two magnetic tapes containing the Edwards AFB WBAN hourly surface 
observations (deck No. 144) [3], The period of record extended from 1049 to 
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Figure 4. Edwards AFB mean surface wind speed (knots) . 

1970. The combined tapes give a total of 192,782 hourly observations for 
Edwards AFB. All calms were included in the data sample. During the period 
of record the anemometer location was changed several times. However, most 
of the observations were made approximately 4 m ( 13 ft) above natural grade. 

The data used in this study were obtained from averaged 1 observations 
taken on the hour. The method of using average wind conditions differs from the 
peak wind method used in the earlier KSC study [ 1| . In Space Shuttle vehicle 


1. Standard WBAN practice, generally a 1 min average about the hour. 
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ground wind related analyses, peak wind speeds (or gusts) are generally more 
useful in design, mission planning, and operational activities. However, since 
no peak wind climatic data were available for the Edwards AF3 area, the hourly 
observations described previously were used to make the required computations. 
The steady-state wind speed statistics given in this report can be adjusted to 
approximate peak wind speed statistics by multiplying the steady-state winds by 
1.4. Graves [4J describes a method that enables one to estimate peak winds 
from hourly observations. The reader should consult Reference 4 for further 
discussion of these types of estimation methods. 


D. Computational Methods/Equations 

1. Crosswind Procedure . This section includes a discussion of the 
computational methods used in obtaining the percentage frequency of occurrence 
within critical crosswind intervals, i.e. , 1-4, 5-9, 10-14, 15-19, 20-24, and 
25-up knots. The crosswind equation used for each runway is: 


Crosswind = (sin | WD-RA | x WS) 


( 1 ) 


where 


RA = runway angle measured from true north 

WD = wind direction in degrees clockwise from true north 

WS = wind speed in knots. 

The runway crosswind component for each observation was computed and then 
checked against the several critical crosswind intervals, and a tally was entered 
into the appropriate matrix position. Every wind observation (192,782 total 
observations) was handled in this manner. 

The percentage frequency of occurrence of crosswind components within 
these critical intervals was next calculated for each matrix position by dividing 
the total number in that position by the total number of observations ind multi- 
plying by 100; i.e. , 


Percent frequency - (s/T) x 100 


f2) 
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where S is the number of cases within the critical crosswind interval and T is the 
total number of wind observations for that time interval. These runway crosswind 
percentage frequencies are given by month in Tables 1. 1 through 13. 1 for each 
3 h period of the day. Finally, statistical tables involving the concurrent use of 
both runways were developed. These may give more meaningful information if 
a landing can be made on either of the two runways. For example, if a particular 
wind observation resulted in a 20 knot crosswind component on runway 17 but 
only 13 knots on runway 24, the more favorable (or minimum) crosswind com- 
ponent of 13 knots was used to develop these statistics. 

2. Tailwind Procedure . In addition to critical crosswinds adversely 
affecting the landing of space vehicles and aircraft, headwind reversals (i.e. , 
a headwind changing to a tailwind) also can present problems. Given in this 
section are percent frequency of occurrence tables that pertain to critical tail- 
wind and tailwind/crosswind speeds. The crosswind computations discussed in 
the last section of this report do not require a specification of the landing 
direction since a wind component is calculated normal to the runway. This 
means that a critical crosswind that affects the vehicle from either the left or 
right side is tallied. However, in analyzing headwinds and tailwinds, the direc- 
tion of the component parallel to the runway is important. If, for example, it 
were necessary to land on either runway 17 or 22 (from northeast) , a wind 
component from the northeast (a tailwind) would be unfavorable. In the computa- 
tions performed here, parallel runway winds were computed using the following 
formula: 


Parallel wind = (cos | WD-RA | x ty'S) 


( 3 ) 


where 


RA - runway angle measured from true north 

WD = wind direction in degrees clockwise from true north 

WS = wind speed in knots. 

When computing a parallel runway wind, sign is important. If equation (3) gives 
a positive velocity (+), it defines a tailwind. Conversely, a negative velocity (-) 
defines a headwind. Critical tailwind interval limits of 1-4, f.-9, and 10-up knots 
were used by hour and month in computing the runway tailwind probabilities as 
given in Tables 1.2 through 13.2. Finally, crosswind-versus-tailwind percent- 
ages are given in Tables 1. 3 through 13. 3 by month and hour for each runway. 
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3. Headwind Reversal Procedure . In this analysis of runway headwind 
components an attempt has been made to answer some basic questions concerning 
1 h wind reversal frequencies. For example, (l) What is the probability that the 
wind component parallel to the runway will reverse direction? (2) Do reversals 
from northeast to southwest components occur as frequently as southwest to 
northeast changes? (3) Suppose the wind direction at some rpecified time is 
known; what then is the conditional probability of a reversal? 

a. Frequency of Wind Reversals. To calculate this value it is only 
necessary to count those cases when the parallel wind component switches from 
one hour to the next; i.e. , if the component goes from (+) to (-) or from (-) to 
(+), this indicates a switch and is tallied. Dividing this tally by the entire 
hourly data sample gives a percent frequency (occurrence rate) of the wind 
reversing on the runway over that time interval. This procedure is expressed 
inequation (4) as fol’ows: 


X(I,J) 


100Y(I,J) 

Z(I,J) 


( 4 ) 


where 


X(I,J) = percent frequency of parallel component wind reversal for 
month I and time period J 

Y(I, J) - number of occurrences of parallel wind reversals during 
month I and time period J 


Z(I,J) = total observations during month I and time period J . 


The reversal tallies were entered on the resulting hour; i.e. , a reversal wind 
between 0700 and 080G LST is entered at 0800 LST (the resulting time). However, 
since hours are combined into time intervals, this was entered as a tally within 
the 06-08 3 h time interval. These values are listed in column 1 (TOTAL) of 
Tables 1.4 through 13. 4 A. 


b. SW to NE and NE to SW Reversals. How often does a southwest 
wind component reverse to a northeast wind component from 1 h to the next? 

To compute these reversals, the number of southwest to northeast component 
changes are tallied and men divided by the total number of observations for that 
time period. These values appear in column 2 (HEAD-TAIL) of Tables 1.4 
through 13. 4A for runways 17 and 22 but in column 3 (TAIL-HEAD) for runways 
35 and 4. Wind component changes from northeast to southwest are calculated 
in the same way. 
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c. Conditional Wind Reversals. Given a southwest parallel compon- 
ent wind initially, how often does this southwest wind change into a northeast 
wind component by the next hour? This third question deals with the conditional 
statement that given a southwest wind, what is the probability of its changing 
into a northeast wind; i.e. , P(NE |SW) . In this third question we must look at 
only the hourly southwest components in the data sample and then tally the 
southwest to northeast wind changes over an hour. This tally must be divided 
by the number of southwest wind components in the sample, not by the total data 
sample, because prior knowledge of the wind direction is assumed (i.e. , south- 
west winds are set as given initially). See columns 4 and 5 of Tables 1.4 
through 13. 4A. Likewise, column 5 presents the conditional percentage frequency 
of a northeast to southwest reversal by using the same method. 

In this section the following conditional probability equation was used; 2 


P(X|Z).. 


100 Y ( 1 , J ) 
7.(1, J) 


( 5 ) 


where 

P(X |Z) . . = conditional probability of the occurrence of a tailwind (X) 
^ given a headwind (z) initially during month 1 and time J 

Y(I,J) = the number of headwind-to-tailwind changes during month I 
and time period J 

Z(I,J) - the total number of headwinds in the month I/time J data 
sample. 


Tables 1.4B through 13. 4B also give headwind reversal statistics, but here the 
statistics are broken out into specified resultant tailwind magnitude categories 
(i.e., resultant ta’lwinds of >0-3, 4, 8, >8 knots). 


Throughout this headwind reversal section both calm conditions and direct 
crosswinds were considered as favorable landing conditions. 


2. The terminology given here is reversed when considering the probability of 
a headwind given a tailwind. 
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E. Explanation of Tables 

Tables 1. 1 through 13. 1, 1.2 through 13. 2, and 1. 3 through 13. 3 of this 
report are presented as percentages of crosswinds or tailwinds within selected 
wind speed intervals only. Since probability questions of the type "greater than 
or equal to a certain value" are usually asked (indicating an accumulated effect) , 
one must add together rows of percentages and, at times, columns as well. 
Tables 1.4A through 13. 4A give the percent of wind reversals for "all" resultant 
tailwind (or headwind) magnitudes, whereas Tables 1.4B through 13. 4B break 
out the reversal statistics into specified tailwind categories. 

The critical crosswind or tailwind speed interval headings, 1 to 4, 5 to 9, 
etc. , are to be interpreted as 1 through 4 knots, 5 through 9 knots, etc. Also, 
zero crosswinds are classified as all winds that are (l) calm, (2) < 1 knot, and 
(3) parallel to the runway. Zero tailwinds have not been tabulated, but all 
tailwinds > 0 knots and < 1 knot were placed within the 1-4 knot classification 
interval during data analysis. The time intervals given (i.e. , 00-02, etc.) 
indicate eight 3 h intervals, and they are expressed in LST. 

1. Crosswind Example . Tables 1.1 through 13.1 give percentages of 
critical crosswind occurrences within critical crosswind speed intervals versus 
hour of day for each runway and month. Since runway end number does not 
matter when computing crosswinds, the runway is listed either as 17-35 or 22-4 
on these tables. Examples follow concerning the use of Tables 1. 1 through 13. 1 
in which crosswind occuri’ence percentages can be easily calculated by summing 
up percentages in the appropriate row. For runway 17-35 between hours 00-02 
for the April reference period, Table 4. 1A gives a 45. 26 percent chance of 
encountering a crosswind ~> 5 knots. One must add 31. 72 f- 9.60 + 3. 79 + 0. 10 + 
0.05 = 45. 26. This also means that 54. 75 percent ( i.e. , 39. 14 + 15. 61 = 54.75) 
of the crosswinds are < 5 knots. Similarly, crosswind percentages > 20 knots 
can be computed for all hours on runway 17-35 by adding, on the 00-23 line 
(under HRS), 1.40 + 0.23 to arrive at a percentage of 1.63. In this same cate- 
gory, zero crosswinds (calm conditions, crosswinds < 1 knot, or winds parallel 
to the runway) occur 18. 01 percent of the time. 

Table 4. IB gives similar formatted results for runway 22-4. That is, 
one can expect a 32. !7 percent occurrence rate of April crosswinds > 5 knots 
between hours 00-02. Runway 22-4 experiences lower crosswind percentages 
for these given criteria of speed, hour, and month. 

Table 4. 1C again gives similar results, but here runways 17-35 and 22-4 
were checked simultaneously when making tallies of crosswinds. The tables 



were compiled from the lesser of the two crosswind components. These values 
apply when the aircraft has the capability to land on either of the two runways 
and can, therefore, choose the one with the least critical conditions existing at 
the time of landing. The percentage of critical crosswinds 5- 5 knots during 
April, between 0 -02 hours, for both runways is 24. SO (i.e. , 18.74 + 5.25 + 

0.76 + 0,05 - 'A. 80). As expected, the percentage is much lower here than that 
for either runv; y 17-25 (45.26 percent in Table 4. 1A) or runway 22-4 (32.47 
percent in Tab! 4. IB) computed individually. 

2. Tai fw ind Example . Tables 1.2 through 13.2 give percentage fre- 
quencies of tailwind components within critical tailwind speed intervals versus 
hour of day for rich runway heading and month. Since landing direction does 
play a part in th' computation of tailwinds (or headwinds) , the runways are 
listed as 17, 2 5, 22, and 4, indicating the approach direction (i.e., 17 is 
landing into 170 degrees from the northeast end of the runway). Some examples 
follow thav indicate the use of Tables 1.2 through 13.2. Again, the format of 
the tables >'s similar to that of Tables 1. 1 through 13. 1, and the taihvind 
statistics presented are not accumulated. The April tailwind percentage 5 
knots between 00-02 hours LST for runway 17 as presented on the left side of 
Table 4.2A is 19.65 ( 16.01 t 3.64 - 19.65). The companion table of 4. 2A 
indicates a tailwind percentage of 24.50 for runway 35 for the same specified 
conditions. The 24. 5 percent on runway 35 can also be interpreted as the 
percentage of headwinds on runway 17. A tailwind on one runway heading (35) 
is a headwind on the other end of the runway ( 17) . Combined percentiles for 
all hours can be obtained from the 00-23 row. 

Tables 1.3 through 1 ". i give percentages for the joint occurrence of 
winds within selected crosswind versus tailwind speed intervals. These monthly 
tables are presented for each end of the runway and arc displayed by hour of 
day (LST) . Tables 1. 3 through 13. 3 offer the advantage of obtaining percentages 
by choosing the critical crosswind and tailwind limits concurrently, not 
separately. That is, suppose both crosswinds and tailwinds 5 knots are 
critical to a landing operation for 00 hours during April on runway 17, one would 
find the intersection number f ha f pertains to the intervals of crosswind 5-9 and 
tailwind 5-9. In this case, tlu number in Table 4.3 is 4.09 percent. This is 
not the percentage numbe needed since these table percentages, again, are not 
accumulated. There fer one must sum all the tailwind rows 5 knots that 

encompass all cros c \dnd values > 5 knots. This will satisfy the required 
condition. Figure > illustrates the Table 4. 3 example in more detail in that the 
percentage numbers to be added arc enclosed by dashed lines. The total required 
sum of these en numbers is G.67, which is the required percentage. 
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Since Tables 1. 3 through 13.3 are the most involved of the tables pre- 
sented thus far, a few notes of caution are issued that one should remember 
while using them. The total row and column offer a sum of all rows or 
columns, respectively. The total column (of Tables 1.3 through 13.3) has 
also added into it all the zero crosswind percentages. The percentage numbers 
enclosed by sta. s in Figure 5 show the percent frequency of tailwinds without 
regard to crosswind components. An example of using the total row follows. 

If one needs the percentage of all crosswinds > 5 knots on runway 17 at 00 hours 
in April which encompasses all tailwind categories, he can sum the numbers 
9.09, 2.88, 1.06, 0.00, and 0.00 to arrive at 13.03 percent. Why is this value 
so much less than the 45. 26 00-02 hour percentage of crosswinds 5 - 5 knots on 
runway 17-35 from Table 4. 1A? The answer is that the 13.03 percent corres- 
ponds to crosswinds > 5 knots with regard to all tailwind categories. Tables 
1. 1 through 13. 1 give crosswinds > 5 knots with regard to all parallel winds 
(tail and head combined). To obtain comparable numbers, one must calculate 
from Table 4.3 the crosswind percentage =* 5 knots (36.67 percent) with regard 
to all tailwinds on runway heading 35 (a headwind on runway 17) and add the 
two percentages (13.03 + 36.67) to arrive at 49.70 percent, which corresponds 
closely to Table 4. 1 values. The numbers will not be exact because Tables 1. 1 
through 13. 1 and 1.2 through 13.2 give statistics in 3 h groups, while Tables 1.3 
through 13.3 are by each individual hour. Both tailwinds and headwinds from 
Tables 1.3 through 13.3 may have to be used depending upon the application. 


Runway 17, Hour 0, Edwards AFB, April 


Tailwind 

Limits 

1-4 

Crosswind Limits 
5-9 10-14 15-19 20-24 

25-Up 

Zero 

Cross 

Total 

1-4 

. 8. 33 

4.24 

1 

1. 82 

0. 30 

0. 00 

0. 00 

4.85 

■1 lSh 55 * 

5-9 

10. 61 

1 4.09 

1 

0.61 

0.61 

0. 00 

0. 00 1 

t 

1.97 

* 17. 88 ;; 

10-Up 

1. 52 

°_- 7 6 _ 

0._45_ 

. ! 5 _ 

_0._00 

. 2- 2°j 

0.00 

11 2. 88 11 

Total 

20.45 

9. 09 

2. 88 

1. 06 

0. 00 

0. 00 

6. 82 

1~ 40, 30 1 


1 Total percentages within dashed (- -) area = 6. 67%. 

Figure 5. Edwards AFB crosswind/tailwind speed 
interval percentages. 
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3. Headwind Reversal Example . Tables 1.4A through 13.4A give the 
percentage of parallel runway wind reversals that answer the three questions 
posed earlier in this report concerning different runway wind reversal classifica- 
tions. These tables present the probabilities for each runway end by month and 
3 h time period. Column 1 answers question 1 and gives the total reversals for 
all observations (within time and month category) . Columns 2 and 3 answer 
question 2 by giving the percent frequency of headwind-to-tailwind and tailwind- 
to-headwind reversals, respectively, for all observations. Question 3 on 
conditional probability is answered in columns 4 and 5. It should be pointed out 
that the statistics presented in Tables 1.4A through 13. 4A deal with the probability 
of reversals without regard to the resulting parallel-wind magnitude classifica- 
tion, as presented in Reference 1. This means, for example, that the columns 
regarding headwind-to-tailwind reversals (columns 2 and 4) were computed for 
all resultant tailwind components. On the "A” tables, all magnitudes of the 
resultant tailwinds were combined before the statistics were computed. However, 
Tables 1.4B through 13. 4B present these same reversal statistics with respect 
to different categories of the resultant tailwind magnitudes. 

These statistics should prove valuable to both the mission planner and 
the operational control authority because they are based upon a prior knowledge 
of the wind-type information that will be available during the mission. For 
example, consider a landing planned for 1000 LST in April on runway 17 
Assume that the wind observed at 0900 LST is known to have a headwind com- 
ponent along that runway. Table 4.4A, column 4, indicates that 14. 33 percent 
of those wind observations changed to such an extent that at the following hour 
( 1000 LST) there was a tailwind component on runway 17. This percentage can 
also be obtained from the appropriate total column of Table 4.4B. Restated in 
terms of risk: with a known headwind component at 0900 LST, the risk of change 
to a tailwind component at 1000 LST is approximately 14 percent. Of course, 
this risk statement does not consider the forecast capability that would be utilized 
in the real-time operation. 

If the investigator were interested in the percent of headwind reversals of 
all reversals which resulted in a tailwind of > 4 knots, this can be obtained from 
Table 4.4B by adding 4.21 and 1.69 to arrive at 5.90 percent. 


IV. NORMAL PROBABILITIES FOR EDWARDS AFB WIND 
COMPONENTS - ALTITUDE 0 THROUGH 27 km 


This section presents bivariate normal wind statistics for Edwards AFB 
for altitudes 0 through 27 km. The bivariate normal statistics for all months for 
the 90 degree flight azimuth are given in Tables 1. 5 through 12. 5. The standard 



meteorological notation for this flight azimuth defines u as the zonal wind com- 
ponent and v as the meridional wind component. The sample estimates of the 
theoretical mean u are u and v. The sample estimates of the theoretical 
standard deviation a are S(u) and S(v) . R(uv) is the sample estimate of the 
theoretical correlation coefficient between u and v. S(uv) is the covariance of 
u and v, and N is the sample size. The five statistics u, v, S(u), S(v), and 
R(uv) completely define a bivariate normal elliptical distribution. From these 
five parameters the probability distributions and synthetic vector wind profile 
described by Smith [5] and the statistics for any rotation of axes by Falls [6] 
can be computed. 

Since Edwards AFB was not part of the Upper Air Network, winds-aloft 
observations in support of test activities were made at irregular intervals rather 
than at regular synoptic times. Because of the time and altitude variation between 
observations it was not feasible to make then serially complete. As a result, 
the number of observations decreases rapidly as altitude increases. If wind 
statistics for altitudes above 27 km are needed, it is recommended that those 
applicable to Vandenberg AFB, as given in Reference 7, be used. For the 
reader's interest, Cape Kennedy normal probabilities for wind components have 
also been computed [ 8 J . 


V. CONCLUSION 


In summary, this report provides two different types of wind statistics 
applicable to the Edwards AFB area. 

First, ground-level wind statistics are given computed with regard to the 
two Edwards AFB runway orientations. Crosswinds, tailwinds, and headwind 
reversals are the parameters computed by critical class intervals for hour, 
month, and runway. If cumulative percentage results are needed, one must 
j Jlow the procedures given in this report and accumulate the appropriate 
percentages. Also, since a peak wind sample was not available for this study, 
the standard type of on-the-hour averaged observations were used. It has been 
determined that a multiplication factor of 1. 4 can be used directly on these wind 
speed statistics to approximate peak wind statistics. Peak winds are generally 
t lore useful in design and operations. 

Second, winds-aloft information is presented from 0 through 27 km 
altitude. Bivariate normal wind statistics involving wind probability distribu- 
tions, synthetic vector wind profiles, and statistics for any rotation of axes can 
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be computed from the five given statistical parameters, u, v, S(u) , S(v) , and 
R(u,v) for a 90 degree flight azimuth. 

Further climatological information involving the Edwards AFB area can 
be obtained from References 9 through 11. 
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TABLE 2. 2. HOURLY EDWARDS AFB TAILWIND PERCENTAGE FREQUENCIES 
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TABLE 2 . 5 . EDWARDS AFB BIVARIATE NORMAL STATISTICS 
(FEBRUARY, 90 DEGREE FLIGHT AZIMUTH) 
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TABLE 3. 1. HOURLY EDWARDS AFB CROSSWIND PERCENTAGE FREQUENCIES 










TABLE 3.2. HOURLY EDWARDS AFB TAILWIND PERCENTAGE FREQUENCIES 
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TABLE 3. 3. HOURLY EDWARDS AFB TAILWIND VERSUS CROSSWIND PERCENTAGE 

FREQUENCIES BY RUNWAY END 
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TABLE 3.3. (Continued) 
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TABLE 4.5. EDWARDS AFB BIVARIATE NORMAL STATISTICS 
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TABLL 6. 1. HOURLY EDWARDS AFB CROSSWIND PERCENTAGE FREQUENCIES 
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TABLE 7.5. EDWARDS AFB BIVARIATE NORMAL STATISTICS 
(JULY, 90 DEGREE FLIGHT AZIMUTH) 
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TABLE 8.2. HOURLY EDWARDS AFTi TAILWIND PERCENTAGE FREQUENCIES 
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TABLE 8.4. HOURLY EDWARDS AFB WIND REVERSAL PERCENTAGE 
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TABLE 9.2. HOURLY EDWARDS AFB TAILWIND PERCENTAGE FREQUENCIES 
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TABLE 10.1. HOURLY EDWARDS AIT CROSSWTND PERCENTAGE FREQUENCIES 
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TABLE 10.3. HOURLY EDWARDS AFB TAILWIND VERSUS CROSSWIND PERCENTAGE 
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TABLE 11. 1. HOURLY EDWARDS AFB CROSSWIND PERCENTAGE FREQUENCIES 
BY INDIVIDUAL AND COMBINED RUNWAYS 
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TABLE 11. 3. HOURLY EDWARDS AFB TAILWIND VERSUS CROSSWIND PERCENTAGE 

FREQUENCIES BY RUNWAY END 
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TABLE 12.2. HOURLY EDWARDS AFB TAILWIND PERCENTAGE FREQUENCIES 
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TABLE 12. 3. HOURLY EDWARDS AFB TAILWIND VERSUS CROSSWIND PERCENTAGE 

FREQUENCIES BY RUNWAY END 
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